Abstract: o-Dichlorobenzene (o-DCB) is used as an organic solvent, as a chemical intermediate, and as a heat transfer medium. In humans, o-DCB is metabolized to 2,3-and 3,4-dichlorophenols, and 3,4-and 4,5-dichlorocatechols, and these metabolites are eliminated via the kidneys. In this study, we tried to determine the concentrations of urinary 2,3-and 3,4-dichlorophenols using a gas chromatograph (GC). When control urine specimens were spiked at concentrations of 10, 20 and 40 mg/l, the mean recovery rates of 2,3-and 3,4-dichlorophenols were 98.3 to 101.9% (CV=4.0 to 4.8%) and 100.6 to 105.4% (CV=2.5 to 7.0%), respectively. Next, urine samples collected from ten male workers exposed to o-DCB were analyzed. The concentrations of urinary 2,3-and 3,4-dichlorophenols determined by the GC method closely agreed with those by the HPLC method, which we had developed in a previous study, and these metabolite concentrations were linearly correlated to the 8-h TWA values of o-DCB in the range of 0.1 to 2.3 ppm. Consequently, the GC method can be used for biological monitoring of o-DCB, though it is necessary that the linear relation is confirmed in a higher range of exposure.
Introduction o-Dichlorobenzene (o-DCB) is a colorless liquid which is used as an organic solvent, a chemical intermediate, and a heat transfer medium'}. It has adverse effects on the liver and kidney of animals'. In the industrial field, some irritation to the eyes and the upper respiratory system was observed in workers exposed to o-DCB"2~. In rabbits, it is metabolized to 2,3-and 3,4-dichlorophenols, 3,4-and 4,5-dichlorocatechols and 3,4-dichlorophenylmercapturic acid, and them excreted in urine3' 4>. In a previous study5~, we identified 2,3-and 3,4-dichlorophenols, and 3,4-and 4,5-dichlorocatechols in urine samples of workers exposed to o-DCB. In a further study, we determined the concentrations of urinary metabolites by a high performance liquid *To whom correspondence should be addressed .
chromatograph (HPLC) and showed these concentrations to be good biological indicators of exposure to o-DCB. In this study, we tried to determine the concentrations of urinary 2,3-and 3,4-dichlorophenols with a gas chromatograph (GC).
Materials and Methods
Chemicals 2,3-and 3,4-dichlorophenols were obtained from Tokyo Kasei Ind (Tokyo, Japan). Hydrochloric acid was purchased from Wako Pure Chemical Ind (Osaka, Japan), and diethyl ether and methyl alcohol from Ishizu Seiyaku (Osaka, Japan). All chemicals were special or first grade.
Urine samples
In a previous study6~, 28 urine samples at the end of the workshift had been collected from ten male workers exposed Urine treatment A 5-ml sample was placed in a glass tube (10 ml volume) with a screw cap, and 1.5 ml of concentrated hydrochloric acid was added. To hydrolyze conjugated metabolites, the mixture was heated for 3 h in an oil bath (100°C). When the mixture had cooled, 2.0 ml of diethyl ether was added. The sample was shaken vigorously for 10 min and centrifuged at 3,000 rpm for 10 min. A 0.5-m1 portion of the diethyl ether layer was placed in a glass tube and 2.0 ml of methyl alcohol was added. 2 ul of the solution was injected into a GC-FID (HP 5890 series II, Hewlett Packard, USA).
For calibration curves, 4 to 80 mg/1 of standard solutions of 2,3-and 3,4-dichlorophenols were treated as described above without heating.
For recovery test, control urines were collected from non-exposed humans, and the control urine specimens spiked at concentrations of 10, 20 and 40 mg/1 were also treated.
Gas chromatograph parameters
The GC was connected to a capillary column, CBP-20 (0.33 mm x 25 m, Shimadzu, Kyoto, Japan). Helium was used as the carrier gas at a column pressure of 0.7 kg/m2. The injection mode was splitless. The column temperature was programmed from 50 to 220°C at 3°C/min and was kept for 1 min at the initial temperature. The injector and detector temperatures were 250°C. dichlorophenols were 98.3 to 101.9% (CV=4.0 to 4.8%, n=6) and 100.6 to 105.4% (CV=2.5 to 7.0%, n=6), respectively, at 10 to 40 mg/l. However, in three of the 28 urine samples, the peak area of 3,4-dichlorophenol could not be calculated due to interference from an unknown peak. Figure 3 shows relationships between the GC and HPLC methods for urinary 2,3-and 3,4-dichlorophenols.
As shown in the previous paper °, the peak area of 2,3-dichlorophenol in three of the 28 urine samples for the HPLC method could not be calculated due to interference from an unknown peak. The slopes of the regression lines of urinary metabolite concentration determined by the GC method to those by the HPLC method were 0.92 and 1.08, respectively, for 2,3-and 3,4-dichlorophenols and the correlation coefficients were more than 0.98. Figure 4 shows the linear relations between the 8-h TWA value and concentration of urinary 2,3-dichlorophenol and between the 8-h TWA value and concentration of urinary 3,4-dichlorophenol, though there were considerable dispersions from the regression lines. Table 1 
Discussion
This study demonstrated that the concentrations of urinary 2,3-and 3,4-dichlorophenols could be determined by the GC method, because the recovery rates were more than 90% and the concentrations of urinary 2,3-and 3,4-dichlorophenols determined by the GC method agreed well with those by the HPLC method.
The concentrations of urinary 2,3-and 3,4-dichlorophenols determined by the GC method highly correlated to the 8-h TWA values for o-DCB. Dichlorophenols were not detected in the control urines.
The detection limits of both dichlorophenols were 0.5 mg/l. Based on the regression lines (Table 1) , exposure to o-DCB at 0.1 ppm corresponds to 1.8 and 1.3 mg/l, respectively, for urinary 2,3-and 3,4-dichlorophenols at the end of the workshift. Consequently, the GC method is sensitive enough to use for biological monitoring of o-DCB in industrial fields, because the occupational exposure limit recommended by the Japan Society for Occupational Health's and the threshold limit value by the ACGIH are 25 ppm8~. But it is necessary that the linear relations between the 8-h TWA value and concentrations of urinary dichlorophenols are confirmed in a higher range of exposure to o-DCB, because the airborne exposure levels were less than 2.5 ppm in this study.
3,4-and 4,5-dichlorocatechols are also urinary metabolites 
